For the genetic differentiation of Pseudomonas syringae pathovar tomato, a total of 51 P. syringae pv. strains infecting 33 different host plants were analyzed using repetitive element PCR(REP-PCR) and universal rice primer PCR(URP-PCR). The entire DNA fingerprint profiles were analyzed using unweighted pair-group method with arithmetic averages (UPGMA). The 51 P. syringae pv. strains could be divided into five clusters based on 65% similarity by Rep-PCR using BOX, ERIC, and REP primers. P. syringe pv. tomato cluster was well separated from other 31 P. syringae pathovars. P. syringae pv. tomato cluster included only P. syringae pv. maculicola and P. syringae pv. tomato. P. syringae pv. tomato strains could be divided into two genetic groups. Meanwhile, the Pseudomonas pv. strains could be divided into four clusters based on 63% similarity by URP-PCR using 2F, 9F, and 17R primers. P. syringae pv. tomato cluster was also well separated from 30 other P. syringae pathovars. In this case, P. syringae pv. tomato cluster included P. syringae pv. maculicola, P. syringae pv. berberidi, and P. syringae pv. tomato. P. syringae pv. tomato strains was also separated into two genetic groups by URP-PCR analysis. Overall, our work revealed that P. syringae pv. tomato can be genetically differentiated from other P. syringae pathovars by the DNA fingerprint profiles of REP-PCR and URP-PCR. We first report that there are two genetically diverged groups in P. syringae pv. tomato strains.
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Keywords : Genetic differentiation, Pseudomonas syringae pathovar tomato, REP-PCR, URP-PCR Pseudomonas syringae is a group of Gram-negative bacteria that cause diseases on diverse plant species. It was first reported in 1894 as a type genus by Migula and has been classified in phylum gracilicute, class proteobacteria, order pseudomonadales, and family pseudomonadaceae (Murray, 2001) . With the 1980 publication of the Approved Lists of Bacterial Names (Skerman et al., 1989) , all plant pathogenic bacteria that resembled P. syringae were amalgamated into this species regardless of host range. Thus, to overcome instability of bacterial classification and to give relatively importance on pathogenicity, the term pathovar has been used to refer to Pseuomonas strains with similar features that are differentiated at the subspecies level on the basis of differences in plant host range and types of symptoms, and additionally by biochemical profiles (Dye et al., 1980; Schaad et al., 2001) . So far, more than 50 pathovars have been reported in P. syringae. But discrimination of isolates at the pathovar level is not reliable for some pathovars of P. syringae because phenotypic, nutritional and genetic characteristics of strains tend to be inconsistent and conflicting and there is problem of relying on distinct host specificity to describe pathovars (Wiebe and Campbell, 1993) . Thus, to overcome the difficulty in defining P. syringae pathovars it would be valuable to understand the genetic diversity and relationships of P. syringae pathovars.
Among P. syringae pathovars, P. syringae pv. tomato is particularly detrimental to tomato plants, where it causes a disease known as bacterial speck. This can either decrease crop yield by inducing foliar necrosis or blemish the fruits making them unsuitable for the fresh market or peeled tomato industry (Schneider and Grogan, 1977) . So far, not only P. syringae pv. tomato but also several other P. syringae pathovars such as P. syringae pv. maculicola, P. syringae pv. antirrhini, P. syringae pv. passiflorae, and P. syringae pv. apii have been known to be pathogenic to tomato plants (Manceau and Horvais, 1997 syringae pv. tomato also caused disease on cauliflower (Cuppels and Ainsworth, 1995; Razo, 1987) , discrimination of P. syringae pv. tomato from other tomato-infecting P. syringae pathovars is not easy. In addition, some other P. syringae pathovars also have similar genotype to P. syringae pv. tomato (Cuppels and Ainsworth, 1995; Gardan et al., 1999) , differentiation of P. syringae pathovars from infected tomato is confusing and challenging. DNA fingerprinting has been extensively used for the delineation of species, subspecies, and pathovars (Louws et al., 1994) . Especially, repetitive extragenic palindromic (REP)-, enterobacterial repetitive intergenic consensus sequence (ERIC)-and a subunit of the BOX element (Martin et al., 1992) sequence (BOX)-primed PCR have previously been used in studies on pathovar identification for strains of Pseudomonas, including P. syringae pv. tomato, P. syringae pv. maculicola, and other bacterial genera (Louws et al., 1994; Zhao et al., 2000; Scortichini et al., 2003) . Recently, another type of rep-PCR, URP-PCR that are developed from repetitive sequences in the rice genome, has been used to fingerprint genomes of diverse organisms including plants, animals, fungi and bacteria (Kang et al., 2002; Jana et al., 2005) . The URP-PCR uses long primers (20 nucleotides) and highly stringent PCR conditions in contrast to randomly amplified polymorphic DNA (RAPD) and arbitrary primer (AP)-PCR techniques. However, there has been no comparative assessment that whether these two rep-PCR-driven DNA fingerprints really well consistently resolve or not the genetic differentiation of P. syringae pv. tomato from other P. syringae pathovars. Therefore, this study was carried out to assess the genetic relatedness of P. syringae pv. tomato strains. Here, we report that rep-PCR-driven DNA fingerprints would vary depending on rep-primers used, and thus the DNA fingerprints allow us to genetically differentiate P. syringae pv. tomato from other P. syringae pathovars. In addition, we first report that there are two genetically diverged groups in P. syringae pv. tomato strains.
A total of fifty one strains of various Pseudomonas syringae pathovars were analyzed in this study (Table 1) . The strains were cultured and maintained according to the protocols described by Schaad et al. (2001) . Bacterial genomic DNA was prepared as described by Pitcher et al. (1989) . For the DNA isolation, the bacterial strains were cultured on LB broth for 24 to 48 hour at 28 o C and harvested in 1.5 ml microtube through centrifugation at room temperature. The harvested bacterial cells were suspended with 500 µl of suspension buffer (0.15 M NaCl, 0.01 M EDTA, pH 8.0) and the suspension was centrifuged for 3 min at 13,000 g. The precipitated bacterial cells were suspended with 100 µl of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0), mixed with 500 µl guanidine thiocyanate -EDTA -Sarkosyl (GES) solution (per 100 ml: 60 g guanidine thiocyanate, 20 ml 0.5 M EDTA pH 8.0, 20 ml sterile water, 1 g N-lauroyl sarkosine) and then, treated for 5 min on ice chips. It was mixed well with 250 µl of 7.5 M ammonium acetate, stored at −20 o C, then reacted for 5 min on ice chips. Chloroform/iso-amyl-alcohol (24:1, v/v) was added, mixed well, and then centrifuged for 10 min. at 13,000 g. The supernatant was transferred to a new microfuge tube and precipitated with isopropanol. The precipitate was washed with 70% ethanol, resolved in TE buffer and treated with 25 µl RNase (250 µg/ml). After cleaned with a DNA clean-up kit (Qiagen), the purified genomic DNA was quantified with Nanodrop ND-1000 Spectrophotometer (Ver 4.3, Wilmington, USA) and stored at −20 o C until use. Genomic fingerprinting was carried out according to the methods of Rep-PCR (with BOX, ERIC, and REP primers) of Louws et al. (1994) and URP-PCR (URP 2F, 9F, and 19R primers) of Kang et al. (2002) . PCR reaction was carried out with PTC-200 TM DNA Engine thermocycler (MJ Research Inc, Watertown, MA, USA) in 50 µl volumes containing 50 ng of genomic DNA, 2.5 unit Taq DNA Table  2 ). The cycle conditions were given in Table 3 . The amplified PCR products were analyzed by gel electrophoresis on a gel containing 1.5% agarose in 1 × TAE buffer. The gels were stained with ethidium bromide and destained with DW, then viewed and photographed with VersaDoc 1000 (Molecular Imager VersaDoc MP Imaging Systems, USA). Similarity analyses were done with the NTSYSpc ver. 2.02 software (Exeter Software, New York, USA) (Rohlf, 1998) . Similarity coefficients were compared using DICE coefficient analysis according to number and position of bands (Dice, 1945) . Dendrograms were produced according to the unweighted pair-group mean arithmetic method (UPGMA) using NTSYSpc software. DNA fingerprints were produced against all bacterial strains used using BOX, ERIC, REP, URP 2F, URP 9F, and URP 17R primers (Figs. 1 and 2) . BOX primers generated 200 to 7000 bp size bands and ERIC or REP primers produced 100 to 6000 bp size bands. Meanwhile, 100 to 4000 bp size bands were amplified with URP 2F primer and 100 to 30000 bp size bands with URP 9F or 17R primer. These results showed that the size of amplified PCR products varied depending on the primers used. Since the resolution of band patterns would be more clear with diverse ranges of band size, we thought that the combinational use of different primers which could generate different sizes of bands could lead to analyze genetic differentiation of Pseudomonas syringae pathovar tomato strains from other closely related P. syringae pv. strains. Thus, we first analyzed DNA bands produced by BOX, ERIC, and REP primers. Among 17 P. syringae pv. tomato strains, 15 strains (named as GI group in Fig. 1 ) were separated well from other P. syringae pv. strains (Fig. 1) . The remained three P. syringae pv. tomato strains, LMG5093, OH314, and LMG5507 (named as GII group in Fig. 1 ) clustered with P. syringae pv. maculicola and this cluster was also well separated from other P. syringae pv. strains. Because it has been reported that P. syringae pv. tomato and P. syringae. pv. maculicola are closely related (Cuppels and Ainsworth, 1995; Hendson et al. 1992; Peters et al., 2004) and suggested as synonyms of one pathovar by some authors (Palleroni, 1984; Takikawa et al., 1994) , the clustering of P. syringae pv. tomato strains LMG5093, OH314, and LMG5507 with three P. syringae pv. maculicola strains and their positioning in the neighbor of P. syringae pv. tomato (GI group) support earlier reports on their relatedness. Within this cluster, three P. syringae pv. tomato strains LMG5093, OH314, and LMG5507 could be separated from P. syringae. pv. maculicola strains. This separation suggests that although P. syringae pv. tomato GII group and P. syringae. pv. maculicola have close genetic relationships, they could be genetically divided. In general, P. syringae pv. tomato do not cause disease on Brassicaceae plant such as broccoli and cauliflower. On the contrary, P. syringae. pv. maculicola causes disease not only on Brassicaceae but also on tomato (Cuppels and Ainsworth, 1995) . Thus, genetic separation of P. syringae pv. maculicola from both the GI or GII group of P. syringae pv. tomato strains using REP-PCR is meaningful for the diagnosis of bacterial disease caused by these pathovars.
When we analyzed DNA fingerprint patterns generated with URP-2F, -9F, and -17 primers, fifteen P. syringae pv. tomato strains (named as GI group in Fig. 2) were also separated well from other P. syringae pathovar strains (Fig.  2) . Although there are some variations in the tree topology and in genetic relatedness among the fifteen P. syrange pv. tomato strains, the strain names of pathovars belonging to the GI group in Fig. 1 and those of the GI group in Fig. 2 were the same. It is noticeable that although the fifteen P. syringae pv. tomato strains were from different geographic origins, they formed one cluster both in Fig. 1 and 2 . Our results indicate that both DNA fingerprint methods using the BOX, ERIC, and REP-primer based PCR and URPprimer based PCR are very useful tools for the genetic differentiation of P. syringae pv. tomato strains (that infect tomato as only host) from other P. syringae pathovars. P. syringae pv. tomato strains LMG5093, OH314, and LMG5507 positioned as its own cluster in the genetic relatedness tree and, thus, we named them as GII group as like in Fig. 1  (Fig. 2) . Meanwhile, all three P. syringae pv. maculicola strains did cluster not with P. syringae pv. tomato GII group strains but with P. syringae. pv. berberidis, and positioned in the neighbor of P. syringae pv. tomato GI group strains. This result showed that the genetic relationships of P. syringae. pv. maculicola to P. syringae pv. tomato GII group strains shown in Fig. 2 differed from that was shown in Fig. 1 . From the results of Figs. 1 and 2, we propose that there are two distinct genetic groups within P. syringae pv. tomato strains. We named these two groups as GI and GII, respectively. This is first report of the differentiation of two divergent genetic groups in P. syringae pv. tomato strains. Recently, Gardan et al. (1999) performed DNA relatedness analysis using DNA-DNA hybridization and ribotyping methods and grouped 48 P. syringae pathovars into nine genomospecies. In their report, P. syringae pv. tomato was grouped in genomospecies 3 with P. syringae pv. persicae, P. syringae pv. antirrhini, P. syringae pv. maculicola, P. syringae pv. viburni, P. syringae pv. berberidis, P. syringae pv. apii, P. syringae pv. delphinii, P. syringae pv. passiflorae, P. syringae pv. morsprunorum, P. syringae pv. lachrymans, P. syringae pv. philadelphi, P. syringae pv. ribicola, and P. syringae pv. primulae. When we compared their results with our Fig. 1 results from the genetic relatedness analysis by REP-PCR, among the genomospecies 3, only P. syringae pv. maculicola, P. syringae pv. persicae, P. syringae pv. antirrhini, and P. syringae pv. berberidis were closely related to P. syringae pv. tomato. However, P. syringae pv. morsprunorum, P. syringae pv. passiflorae, P. syringae pv. primulae, and P. syringae pv. ribicola of the genomospecies 3 were very distantly related with P. syringae pv. tomato. On the other hand, when we compared the work of Gardan et al. (1999) with our Fig. 2 results from the genetic relatedness analysis by URP-PCR, among the genomospecies 3, P. syringae pv. persicae, P. syringae pv. antirrhini, P. syringae pv. maculicola, P. syringae pv. viburni, P. syringae pv. berberidis, P. syringae pv. morsprunorum, and P. syringae pv. passiflorae were closely related pathovars to P. syringae pv. tomato. But P. syringae pv. delphinii, P. syringae pv. lachrymans, P. syringae pv. primulae and P. syringae pv. ribicola of the genomospecies 3 were distantly related with P. syringae pv. tomato. Thus, we found that URP-PCR results better agreed with the work of Gardan et al. (1999) than REP-PCR results. Manceau and Horvais (1977) assessed the genetic diversity of 30 P. syringae pathovars by PCR-RFLP analysis and divided the pathovars into 18 RFLP groups (from A to Q group). In the 18 RFLP-groups, they put P. syringae pv. tomato in the group A together with P. syringae pv. antirrhini, P. syringae pv. berberidis, P. syringae pv. lachrymans, P. syringae pv. maculicola, P. syringae pv. passiflorae, and P. syringae pv. persicae. We could see that the close genetic relatedness among the P. syringae pathovars of this group A is well resolved not by REP-PCR analysis (Fig. 1) but by URP-PCR analysis (Fig. 2) . These results also showed that URP-PCR results better agreed with the work of Manceau and Horvais (1977) than REP-PCR results.
In conclusion, we could differentiate P. syringae pv. tomato strains into two divergent genetic groups and separate them from other 36 P. syringae pathovars using BOX, ERIC, REP primers used in REP-PCR and URP 2F, URP 9F, and URP 17R primers used in URP-PCR. Overall, the DNA fingerprints analysis using REP-PCR and URP-PCR made us the comparison of the genetic relatedness of P. syringae pv. tomato to other P. syringae pathovars. When it comes to the consistency and support of the previous reports on genetic relatedness P. syringae pathovars, URP-PCR produced better DNA fingerprints than REP-PCR.
